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 Aim. Analyze the interaction between  Lysyl-tRNA synthetase (LysRS) and HIV-1 GagPol to know whether a par-
ticular N-terminal sequence of mitochondrial LysRS triggers a specific recognition with GagPol. Methods.
Yeast two-hybrid analysis, immunoprecipitation. Results. We have shown that LysRS associates with the Pol do-
main of GagPol. Conclusions. A model of the assembly of the LysRS:tRNA3
Lys:GagPol packaging complex is
proposed.
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Lysyl-tRNA synthetase (LysRS) is an essential protein
involved in translation of genetic information in the cy- 
tosol, where it is a component of a supramolecular com-
plex [1], but also in mitochondria of human cells. Bey-
ond its role in translation, this enzyme is also involved
in various pathologies. Cytosolic human LysRS trig-
gers proinflammatory response, and serves as a key sig- 
naling molecule in the immune response [2, 3]. The mi- 
tochondrial species of LysRS interacts with a mutant of 
Cu, Zn-superoxide dismutase (SOD1) and contributes
to mitochondrial dysfunction in amyotrophic lateral
sclerosis (ALS) [4]. This enzyme is also hijacked from
the host cell following HIV-1 infection to carry the pri-
mer tRNA3
Lys into the virions [5]. The regulation of the
spatio-temporal organization of this enzyme is a key
element to understand the regulation of its activities.
Cytosolic and mitochondrial LysRS are encoded by 
a single gene [6] and can only be distinguished accor-
ding to their very N-terminal sequences [5]. It was pre-
viously believed that cytosolic LysRS is packaged into
HIV-1 virions via its association with Gag [7]. Using
monospecific antibodies, it was later shown that only
the mitochondrial LysRS is taken up in viral particles
along with tRNA3
Lys, the primer for reverse transcrip-
tion of the HIV-1 genome [5]. We re-analyzed the inter-
action between LysRS and GagPol to know whether
the particular N-terminal sequence of mitochondrial
LysRS triggers a specific recognition with GagPol, or if
differential routing of the two LysRS species in vivo
could explain specific and exclusive packaging of the
mitochondrial species. We showed that LysRS associa- 
tes with the Pol domain of GagPol. More specifically,
the transframe (TF or p6*) and integrase (IN) domain
proteins of Pol interact with the catalytic domain of
LysRS [8]. A model of the assembly of the LysRS:
tRNA3
Lys:GagPol packaging complex is proposed,
which is also consistent with the release of its different
components after maturation of GagPol in the virions
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(Figure, see inset). The cytoplasmic and mitochondrial
LysRS species share an identical catalytic domain.
Accordingly, we found that both enzymes have the in-
trinsic capacity to bind to GagPol in vitro. In addition,
both enzymes interact with p38 in vitro, the scaffold
protein of the cytoplasmic multi-aminoacyl-tRNA syn-
thetase complex, even though only the cytoplasmic spe-
cies of LysRS is a bona fide component of this complex.
These results suggest that the different LysRS species
are strictly targeted in vivo. Maturation of the premito-
chondrial form of LysRS upon its mitochondrial targe-
ting is a prerequisite for its catalytic activation. These
data open new perspectives for the search of a new class
of inhibitors of the HIV-1 development cycle that would
block the packaging of tRNA3
Lys into viral particles. 
Л. Кобі, Дж. Діас, П. Октобр, М. Комісо, М. Камінська, 
В. Ф.  Ша  лак, М. Міранд
Асоціація міто  хондріаль  ної лізил-тРНК син  те  та  зи з 
білком GagPol ВІЛ-1 відбу  вається че  рез ка  талітич  ний до  мен 
син  те  та  зи і транс  мат  рич  ний та інтег  раз  ний до  ме  ни білка Pol
Ре  зю  ме
Мета. Вста  но  ви  ти, чи може N-кінце  ва послідовність, яка є спе -
цифічною для міто  хондріаль  ної фор  ми лізил-тРНК син  те  та  зи,
за  без  пе  чу  ва  ти взаємодію цьо  го фер  мен  ту з білком GagPol ВІЛ-1.  
Ме  то  ди. Двогібрид  на дріжджо  ва сис  те  ма, іму  ноп  ре  ципітація.
Ре  зуль  та  ти. Ми по  ка  за  ли що лізил-тРНК  син  те  та  за взаємодіє з 
до  ме  ном Pol білка Gag. Вис  нов  ки. Зап  ро  по  но  ва  но мо  дель утво -
рен  ня ком  плек  су  ЛізРС:тРНК3
Ліз:GagPol. 
Клю  чові сло  ва: тРНК3
Ліз, лізил-тРНК син  те  та  за, ВІЛ-1, зби -
ран  ня віріона. 
Л. Коби, Дж. Диас, П. Октобр, М. Ко  ми  со, М. Ка  мин  ская, 
В. Ф.  Ша  лак, М. Ми  ранд
Ассоциация ми  то  хон  дри  аль  ной ли  зил-тРНК син  те  та  зы с бел  ком
GagPol ВИЧ-1 про  ис  хо  дит по  сре  дством ка  та  ли  ти  чес  ко  го до  ме  на
син  та  та  зы и транс  мат  рич  ный и ин  тер  газ  ный до  ме  ны бел  ка Pol
Ре  зю  ме 
Цель. Вы  яс  нить, мо  жет ли N-кон  це  вая по  сле  до  ва  тель  ность, яв -
ля  ю  ща  я  ся  спе  ци  фич  ной  для  ми  то  хон  дри  аль  ной  фор  мы  ли  зил-
тРНК син  те  та  зы, об  ес  пе  чи  вать вза  и  мо  де  йствие это  го фер  мен  -
та с бел  ком GagPol ВИЧ-1. Ме  то  ды. Дву  гиб  рид  ная дрож  же  вая
сис  те  ма, им  му  ноп  ре  ци  пи  та  ция Ре  зуль  та  ты. Мы по  ка  за  ли, что
ли  зил-тРНК  син  те  та  за вза  и  мо  де  йству  ет  с до  ме  ном Pol бел  ка
Gag. Вы  во  ды. Пред  ло  же  на мо  дель об  ра  зо  ва  ния ком  плек  са ЛизРС:
тРНК3
Лиз:GagPol.
Клю  че  вые сло  ва: тРНК3
Лиз, ли  зил-тРНК син  те  та  за, ВИЧ-1,
сбрка ви  ри  о  на. 
REFERENCES
1. Kaminska M., Havrylenko S., Decottignies P., Gillet S., Le Mare-
chal P., Negrutskii B., Mirande M. Dissection of the structural
organization of the aminoacyl-tRNA synthetase complex // J.
Biol. Chem.–2009.–284, N 10.–P. 6053–6060.
2. Park S. G., Kim H. J., Min Y. H., Choi E. C., Shin Y. K., Park B.
J., Lee S. W., Kim S. Human lysyl-tRNA synthetase is secreted
to trigger proinflammatory response // Proc. Natl Acad. Sci.
USA.–2005.–102, N 18.–P. 6356–6361.
3. Yannay-Cohen N., Carmi-Levy I., Kay G., Yang C. M., Han J.
M., Kemeny D. M., Kim S., Nechushtan H., Razin E. LysRS
serves as a key signaling molecule in the immune response by re-
gulating gene expression // Mol. Cell.–2009.–34, N 5.–P. 603–
611.
4. Kawamata H., Magrane J., Kunst C., King M. P., Manfredi G.
Lysyl-tRNA synthetase is a target for mutant SOD1 toxicity in
mitochondria // J. Biol. Chem.–2008.–283, N 42.–P. 28321–
28328. 
5. Kaminska M., Shalak V., Francin M., Mirande M. Viral hija-
cking of mitochondrial lysyl-tRNA synthetase // J. Virol.–2007.–
81, N 1.–P. 68–73.
6. Tolkunova E., Park H., Xia J., King M. P., Davidson E. The hu-
man lysyl-tRNA synthetase gene encodes both the cytoplasmic
and mitochondrial enzymes by means of an unusual alternative
splicing of the primary transcript // J. Biol. Chem.–2000.–275,
N 45.–P. 35063–35069.
7. Javanbakht H., Halwani R., Cen S., Saadatmand J., Musier-
Forsyth K., Gottlinger H., Kleiman L. The interaction between
HIV-1 Gag and human lysyl-tRNA synthetase during viral
assembly // J. Biol. Chem.–2003.–278, N 30.–P. 27644–27651.
8. Kobbi L., Octobre G., Dias J., Comisso M., Mirande M. Associa-
tion of mitochondrial Lysyl-tRNA synthetase with HIV-1 Gag
Pol involves catalytic domain of the synthetase and transframe
and integrase domains of Pol // J. Mol. Biol.–2011.–410, N 5.–
P. 875–886.
UDC 577.22
Received 20.06.11ISSN 0233–7657. Biopolymers and Cell. 2011. Vol. 27. N 5
Fig. 3. Time cour-
se of ERK1/2 phos-
phorylation and lo-
calization in activa-
ted and inactivated 
cells. Immunofluo-
rescence and con-
focal microscopy
analysis of CHI3L1
or CHI3L2 treated
293 cells ( A ) and
U373 cells (B) with
phospho-ERK (gre-
en) and pan-ERK
(red) antibodies.
(Scale bar: 25µm)
In human, a single gene encodes the cytoplasmic
and mitochondrial forms of lysyl -tRNA synthe-
tase by means of alternative splicing. The cyto-
plasmic isoform is produced from the mRNA
lacking exon 2. This isoform is targeted to the
MARS (Multi Aminoacyl-tRNA Synthetase) com-
plex. The mitoсhondrial species is produced by
translation initiation at the level of exon 2. Mito-
chondrial LysRS is specifically hijacked by the
GagPol precursor protein during the process of pa- 
ckaging of HIV-1 particles. Association of
mLysRS with GagPol involves catalytic domain of 
the synthetase and transframe (p6*) and integrase
domains of the Pol region of GagPol. The for-
mation of the tRNA(Lys, 3) packaging complex is
an essential process of the HIV-1 life cycle, since
this tRNA is required for initiation of reverse
transcription of the RNA genome of HIV-1. The
tRNA(Lys, 3) packaging complex is a potential
therapeutic target
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